TITLE OF THE INVENTION 
LASER OSCILLATION APPARATUS, EXPOSURE APPARATUS, 
SEMICONDUCTOR DEVICE MANUFACTURING METHOD, 
SEMICONDUCTOR MANUFACTURING FACTORY, AND 
EXPOSURE APPARATUS MAINTENANCE METHOD 

FIELD OF THE INVENTION 

The present invention relates to a laser 
oscillation apparatus capable of changing the 
oscillation wavelength of, e.g., a laser beam, an 
exposure apparatus using the same, a semiconductor 
device manufacturing method, a semiconductor 
manufacturing factory, and an exposure apparatus 
maintenance method. 

BACKGROUND OF THE INVENTION 

Step & repeat type or step & scan type exposure 
apparatuses play a dominant role in the semiconductor 
integrated circuit manufacturing process. Such an 
exposure apparatus exposes the surface of a substrate 

(to be referred to as a wafer hereinafter) coated with 
a resist to the circuit pattern of a mask or reticle 

(to be referred to as a reticle hereinafter) via a 
projection lens. Recently, the integration degree of 
semiconductor integrated circuits is increasing. Along 
with this, demands have arisen for a light source for 
emitting exposure light having a shorter wavelength. 



In particular, a rare gas hydride excimer laser (to be 
referred to as an excimer laser hereinafter) as a kind 
of laser oscillation apparatus is receiving a great 
deal of attention as an ultraviolet high-output laser. 

An exposure apparatus is generally used in a 
clean room. As the atmospheric pressure in the clean 
room changes upon changes in weather, the refractive 
index of exposure light changes, and the imaging 
position of a circuit pattern varies. In general, an 
excimer laser for the exposure apparatus can change the 
oscillation wavelength within the range of about 300 to 
400 pm. The refractive index of exposure light changes 
depending on the wavelength. For this reason, the 
atmospheric pressure in the use environment of the 
exposure apparatus is measured at a proper timing such 
as the start of a job or exchange of a wafer, an 
optimal oscillation wavelength which should be 
oscillated to cancel variations in imaging position 
caused by a change in atmospheric pressure is 
calculated, and the oscillation wavelength of the 
excimer laser is changed by a desired amount. In this 
manner, the exposure apparatus copes with a change in 
atmospheric pressure in the use environment of the 
exposure apparatus . 

This exposure apparatus performs exposure by a 
processing flow as shown in Fig. 12. 

After the start of a job (step 901), the 



atmospheric pressure near the projection lens is 
measured at a proper timing such as a wafer loading 
timing (step 902) . The main controller of the exposure 
apparatus calculates an oscillation wavelength (target 
oscillation wavelength value) optimal for exposure on 
the basis of the atmospheric pressure (step 903) . The 
target oscillation wavelength value is transmitted to 
an excimer laser controller (step 904). An excimer 
laser oscillation apparatus closes a shutter arranged 
at an excimer laser exit port (step 905) . The excimer 
laser controller emits a test excimer beam while 
oscillating a pulse beam, and adjusts the oscillation 
wavelength within a predetermined allowable range by 
using a wavelength change means while monitoring the 
oscillation wavelength by using the internal optical 
measurement unit of the excimer laser oscillation 
apparatus (step 906) . 

The laser oscillation apparatus checks whether 
the oscillation wavelength falls within a predetermined 
allowable range of a predetermined target oscillation 
wavelength value (step 907) . If NO in step 907, the 
excimer laser changes to an error state and stops 
oscillation (step 908) . If YES in step 907, the laser 
oscillation apparatus transmits a wavelength lock 
signal "ON" representing this to the exposure apparatus, 
opens the shutter (step 909) , and starts exposure in 
accordance with an emission signal from the exposure 



apparatus (step 910) . After exposure, the wafer is 
unloaded (step 911), and whether to expose the next 
wafer is determined (step 912) . If NO in step 912, the 
job ends (step 913); if YES, the flow returns to step 
902. 

In the prior art, every time the oscillation 
wavelength is changed, the shutter must be closed to 
emit a test laser beam in order to confirm whether the 
changed oscillation wavelength reaches a target value. 
Shutter opening/closing operation and test emission 
decrease the productivity of the exposure apparatus. 

SUMMARY OF THE INVENTION 
The present invention has been made in 
consideration of the above situation, an-d has as its 
object to provide an exposure apparatus for always 
exposing a wafer to a circuit pattern with high 
precision without decreasing the productivity of the 
exposure apparatus when a laser oscillation apparatus 
is used as the light source of the exposure apparatus, 
a semiconductor device manufacturing method, a 
semiconductor manufacturing factory, and an exposure 
apparatus maintenance method. 

To achieve the above object, according to the 
present invention, a laser oscillation apparatus is 
characterized by comprising wavelength change means for 
driving a wavelength select ion element and changing an 



oscillation wavelength of a laser beam to a target 
value, wherein the wavelength change means calculates a 
driving amount of the wavelength selection element on 
the basis of the target value, drives the wavelength 
selection element on the basis of the calculated 
driving amount of the wavelength selection element, and 
changes the oscillation wavelength of the laser beam to 
the target value. The wavelength change means 
desirably calculates the driving amount of the 
wavelength selection element on the basis of an 
oscillation history, drives the wavelength selection 
element on the basis of the calculated driving amount 
of the wavelength selection element, and changes the 
oscillation wavelength of the laser beam to the target 
value. The wavelength selection element desirably 
includes one of a grating and etalon. 

According to th^ experiments by the present 
inventors, the wavelfength of a laser beam is unstable 
and drifts immediately after the start of laser 
oscillation or at /several ten to several hundred pulses 
from the start or a burst in burst oscillation, and the 
drift amount changes depending on the laser oscillation 
history or th& internal environment of a wavelength 
measurement linit in a laser oscillation apparatus. The 
oscillation ^history includes the wavelength change 
width, the Lapse time after the stop of oscillation, 
and the oscillation duty (the ratio of oscillation 
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time/idle time) . The internal environment of the 
wavelength measurement un*£t includes the atmospheric 
pressure and temperature. A laser oscillation 
apparatus of the present invention more preferably 
incorporates one or yboth of an oscillation history 
memory means for storing the oscillation history of a 
laser beam and an /internal wavelength measurement unit 
environment measurement means for measuring the 
internal environment of the wavelength measurement unit, 
The drift amount of the wavelength measurement unit in 
the laser osciAlat ion apparatus is calculated by using 
at least one pf the oscillation history stored in the 
oscillation /History memory means and the measurement 
result of the internal wavelength measurement unit 
environment measurement means. A wavelength adjustment 
means is preferably driven and controlled in 
consideration of the calculation result so as to 
oscillat/e a laser beam with a wavelength falling within 
a predetermined allowable range of a target wavelength. 

Lt is difficult to adjust the wavelength 
immediately after the start of oscillation to a desired 
rangJ when the laser oscillation idle time is long or 
the wavelength change. amount is very large. It may 
alsd become difficult to determine whether the laser 
osc/illation apparatus normally oscillates a laser beam 
with a desired allowable range. Thus, a desirable form 
o| the laser oscillation apparatus according to the 
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present invention ardopts a wavelength lock signal 
transmission function of transmitting a signal used to 
determine whether the oscillation wavelength falls 
within a predetermined allowable range. A threshold is 
set for one/or both of the oscillation wavelength 
change amomnt and the lapse time after the stop of 
oscillation. The state of the wavelength lock signal 
is determined based on the threshold. 

An exposure apparatus according to the present 
invention uses the laser oscillation apparatus of the 
present invention as a light source, and starts 
exposure without executing test emission for confirming 
whether the wavelength falls within a predetermined 
allowable range. If the wavelength change amount is 
very large or the oscillation idle time is very long or 
if the wavelength does not fall within the 
predetermined allowable range due to any reason, the 
laser oscillation apparatus outputs a wavelength lock 
signal used to determine whether the wavelength is 
adjusted to the predetermined range. The exposure 
apparatus determines based on the wavelength lock 
signal whether to perform test emission by the gas 
laser oscillation apparatus. The exposure apparatus of 
the present invention may change the wavelength not 
only in exchange of one wafer but between the end of 
exposure to a given exposure region and the start of 
exposure to the next exposure region. 



Other features and advantages of the present 
invention will be apparent from the following 
description taken in conjunction with the accompanying 
drawings, in which like reference characters designate 
-the same or similar parts throughout the figures 
thereof . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a view showing an embodiment of an 

exposure apparatus according to the present invention; 

Fig. 2 is a view showing an embodiment of a laser 

oscillation apparatus according to the present 

invention; 

Fig. 3A is a view showing the experimental 
results of oscillation wavelength stability in the 
laser oscillation apparatus when the oscillation idle 
time is changed; 

Fig. 3B is a view showing the experimental 
results of oscillation wavelength stability in the 
laser oscillation apparatus when the oscillation idle 
time is fixed and the oscillation duty is changed; 

Fig. 3C is a view showing the experimental 
results of oscillation wavelength stability in the 
laser oscillation apparatus when the oscillation 
wavelength change amount is changed; 

Fig. 3D is a view showing oscillation wavelength 
stability in the laser oscillation apparatus according 



to the present invention; 

Fig. 4 is a graph showing an example of the 
wavelength error amount at the start of laser 
oscillation depending on the oscillation wavelength 
change amount ; 

Fig. 5 is a flow chart showing a processing flow 
from the start to the end of a job by the exposure 
apparatus according to the present invention; 

Fig. 6 is a flow chart showing a processing flow 
when the oscillation wavelength is changed between the 
end of exposure to a predetermined exposure region on a 
wafer and the start of exposure to the next exposure 
region by the exposure apparatus according to the 
present invention; 

Fig. 7 is a view showing the concept of a 
semiconductor device production system using the 
apparatus according to the present invention when 
viewed from a given angle; 

Fig. 8 is a view showing the concept of the 
semiconductor device production system using the 
apparatus according to the present invention when 
viewed from another angle; 

Fig. 9 is a view showing an example of a user 
interface; 

Fig. 10 is a flow chart for explaining the 
processing flow of a device manufacturing process; 

Fig. 11 is a flow chart for explaining a wafer 



process; and 

Fig. 12 is a flow chart showing a conventional 
flow from the start to the end of a job. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiments of the present invention 
will be described in detail below with reference to the 
accompanying drawings . 

Fig. 1. is a view showing an embodiment of an 
exposure apparatus according to the present invention. 
In Fig. 1, reference numeral 1 denotes a known step & 
repeat (or step & scan) type exposure apparatus main 
body generally called a stepper (or scanner) ; and 2, a 
laser source using an excimer laser. Examples of the 
excimer laser are a KrF (wavelength: 248 nm) excimer 
laser and an ArF (wavelength: 193 nm) excimer laser. 

The exposure apparatus main body 1 is constituted 
by a beam shaping optical system 3 for shaping the 
section of a laser beam emitted by the laser source 2 
into a desired shape along the optical path of the 
laser beam extending from the laser source 2, a 
variable ND filter 4 for adjusting the intensity of the 
laser beam, an optical integrator 5 for splitting the 
laser beam and superposing the split laser beams in 
order to make the illuminance on the surface of a 
reticle 12 uniform, a condenser lens 6 for condensing 
the laser beams having passed through the optical 



integrator 5, a beam splitter 7 for guiding some of the 
laser beams from the condenser lens 6 to a 
photodetector 8, a masking blade 9 which is arranged 
near a position where the laser beams are condensed by 
the condenser lens 6 and regulates the irradiation 
range of the laser beam on the surface of the reticle 
12, an imaging lens 10 for forming an image of the 
masking blade 9 onto the reticle 12, and a mirror 11 
for deflecting the optical path of the laser beam 
toward a projection lens 13. 

The reticle 12 is illuminated with a laser beam 
which has been emitted by the laser source 2 and has 
passed through an illumination optical system including 
these optical elements. A pattern on the reticle 12 is 
reduced to, e.g., 1/2 to 1/10 and projected 
(transferred) to one of a plurality of shot regions on 
a wafer 14 serving as a substrate via the projection 
lens 13 serving as a projection optical system. The 
wafer 14 is two-dimensionally moved along a plane 
perpendicular to the optical axis of the projection 
lens 13 by a moving stage (not shown) . Every time 
exposure of an exposure shot region ends, the next 
exposure shot region is moved to a position where the 
pattern of the reticle 12 is projected via the 
projection lens 13. 

Reference numeral 15 denotes a barometer for 
measuring the atmospheric pressure in the exposure 



apparatus at a predetermined time interval. The 
measurement value is transmitted to a main controller 
16 of the exposure apparatus main body 1. The main 
controller 16 calculates an optimal oscillation 
wavelength of a laser beam (target oscillation 
wavelength value) , and transmits a target oscillation 
wavelength value signal to the laser source 2 at a 
timing between, e.g., the end of exposure in a 
predetermined exposure region and the start of exposure 
in the next exposure region. The main controller 16 
transmits a trigger signal for causing the laser source 
2 to emit light. At the same time, the main controller 
16 performs photoelectric conversion processing in 
accordance with the intensity of the laser beam 
detected by the photodetector 8, integrates the result 
to obtain an exposure amount control signal, and 
transmits the exposure amount control signal to the 
laser source 2. The laser source 2 controls its 
internal units on the basis of the target oscillation 
wavelength value signal, trigger signal, and exposure 
amount control signal. 

The laser sour/e 2 transmits a wavelength lock 
signal to the main ^controller 16. This signal is ON 
when an actual oscillation wavelength falls within a 
predetermined al/owable range of a target oscillation 
wavelength valufe, and otherwise OFF. When the 
wavelength lo/k signal is ON, the oscillation 
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wavelength falls /within the predetermined allowable 
range of the ta/get value, and thus wafer exposure can 
immediately styart without opening/closing operation of 
a shutter in Lhe laser source 2 or test emission. When 
the wavelengyth lock signal is OFF, the main controller 
16 does not/expose the wafer 14, closes the shutter 
arranged the exit port of the laser source 2, and 
performs Jzest emission in order to make the oscillation 
wavelength fall within the predetermined allowable 
range./ After the oscillation wavelength falls within 
the ^redetermined allowable range, the main controller 
16 ofan open the shutter to start exposure again. 

Fig. 2 is a view showing the schematic internal 
arrangement of an excimer laser oscillation apparatus 
serving as an example of the laser source 2 shown in 
Fig. 1. 

The target oscillation wavelength value signal, 
trigger signal, and exposure amount control signal 
transmitted from the main controller 16 of the exposure 
apparatus main body 1 are received by a laser 
controller 201. The laser controller 201 transmits a 
high-voltage signal to a high-voltage power supply 202, 
and transmits the trigger signal to a compression 
circuit 203 at a laser emission timing. The laser 
controller 201 transmits the target oscillation 
wavelength value signal to a wavelength controller 204. 
A laser chamber 205 incorporates discharge electrodes 



205A and 205B. A high voltage of about 10 to 30 kV 
applied by the compression circuit 203 generates 
discharge between the discharge electrodes 205A and 
205B to excite a laser gas sealed in the laser chamber 
205, thereby oscillating a laser beam. An output 
mirror (not shown) is attached to the light exit 
portion of the laser chamber 205. The laser beam 
oscillated by the laser chamber 205 emerges to the beam 
shaping optical system 3 shown in Fig. 1 through a beam 
splitter 206 and shutter 207. Some components of the 
laser beam are reflected by the beam splitter 206 and 
guided to a light monitoring unit 208. The laser 
controller 201 opens/closes the shutter 207 in 
accordance with instructions from the main controller 
16 in Fig. 1. 

The light monitoring unit 208 always monitors the 
pulse energy and oscillation wavelength of the laser 
beam, and determines whether the measured pulse energy 
is a desired value with respect to the target exposure 
amount value. If the pulse energy is lower than the 
desired value, the laser controller 201 transmits to 
the high-voltage power supply circuit 202 a signal for 
increasing the application voltage to the discharge 
electrodes 205A and 205B, and if the pulse energy is 
higher, a signal for decreasing the application voltage. 
The wavelength controller 204 compares the target 
oscillation wavelength value transmitted from the laser 



controller 201 with an oscillation wavelength measured 
by the light monitoring unit 208, and checks whether 
the measured oscillation wavelength falls within a 
predetermined allowable range of the target oscillation 
wavelength value. If the oscillation wavelength falls 
within the predetermined allowable range, wafer 
exposure can immediately start without opening/closing 
operation of the shutter 207 or test emission. If the 
oscillation wavelength falls outside the predetermined 
allowable range, the wavelength controller 204 
transmits a wavelength lock signal "OFF" to the main 
controller 16 in Fig. 1 via the laser controller 201. 
If the oscillation wavelength still falls outside the 
target value, the shutter 207 is closed, and the 
wavelength controller 204 transmits a signal for 
adjusting the wavelength to fall within the 
predetermined range to a stepping motor 212. When the 
oscillation wavelength falls within the predetermined 
allowable range of the target oscillation wavelength 
value, the wavelength controller 204 transmits a 
wavelength lock signal "ON" to the main controller 16 
shown in Fig. 1 via the laser controller 201. Then, 
the shutter 207 is opened. 

The light monitoring unit 208 incorporates an 
internal light monitoring unit environment measurement 
unit 210 such as a barometer or thermometer for 
measuring the internal environment of the light 



monitoring unit 208. The refractive index of a laser 
beam or the like in the internal environment of the 
light monitoring unit 208 can be calculated based on 
the measurement result. The drift amount of the light 
monitoring unit 208 can be calculated based on the 
result and corrected to always output a laser beam 
having a stable oscillation wavelength. 

A band-narrowing module 211 is paired with the 
output mirror (not shown) attached to the light exit 
portion of the laser chamber 205, thereby constituting 
a laser resonator. The band-narrowing module 211 
narrows the spectral line width of a laser beam to 
about 1 pm as a full width at half maximum. Further, 
the attached stepping motor 212 is driven to drive a 
wavelength selection element such as a grating or 
etalon incorporated in the band-narrowing module 211, 
thus changing the oscillation wavelength. At this time, 
the driving amount of the wavelength selection element 
is calculated based on the target oscillation 
wavelength value. The wavelength controller 204 
compares the target oscillation wavelength value 
transmitted from the laser controller 201 with an 
oscillation wavelength measured by the light monitoring 
unit 208, and always controls the oscillation 
wavelength while transmitting a signal to the stepping 
motor 212 so as to make the oscillation wavelength of 
the laser beam fall within a predetermined allowable 



range. When the target oscillation wavelength value of 
the oscillation wavelength is changed again, the 
wavelength controller 204 drives the stepping motor 212 
again so as to make the oscillation wavelength coincide 
with the changed target oscillation wavelength value. 
To change the oscillation wavelength again, the 
wavelength controller 204 more preferably predicts and 
calculates the drift amount of the oscillation 
wavelength of a la ser beam to be oscillated next, on 
the basis of an oscillation history stored in an 
oscillation history memory 209, and drives the stepping 
motor 212 on the basis of the calculation result. 

The' experimental results of the oscillation 
wavelength stability of the excimer laser oscillation 
apparatus by the present inventors will be described. 

Fig. 3A shows data representing oscillation 
wavelength stability for oscillation idle times a and b 
(a < b) between the end of oscillation and the restart 
of oscillation. For the longer oscillation idle time b, 
the error amount with resect to the target oscillation 
value is larger between ^start of oscillation after 
the idle time and osciMation of several ten pulses. 

Fig. 3B shows data representing oscillation 
Wavelength stability at oscillation duties c and d (c < 
d) before an idl^time when the oscillation idle time 
is constant betvfeen the end of oscillation and the 
restart of oscillation. For the higher oscillation 



duty d before the idle time, the error amount with 
respect/to the target oscillation value is larger 
betwee/ the restart of oscillation after the idle time 
and oscillation of several ten pulses. 

Fig. 3C shows data representing oscillation 
wavelength stability at oscillation wavelength change 
amounts e and f (e < f) when oscillation restarts after 
the end of oscillation. For the larger oscillation 
wavelength change amount f, the error amount with 
respect to the target oscillation value is larger 
immediately after oscillation restarts after the idle 
time . 

In this manner, oscillation wavelength stability 
immediately after oscillation of a laser beam starts is . 
unstable. Drifts of a wavelength error called chirping 
occur at several ten to several hundred pulses from the 
start of a burst in accordance with the oscillation 
idle time, oscillation duty, and oscillation wavelength 
change amount . 

In the present invention, the laser controller 
201 or wavelength controller 204 predicts and 
calculates an oscillation wavelength error amount 
(drift. amount) generated at the start of a burst, as 
shown in Figs. 3A, 3B, and 3C, and corrects and 
controls the stepping motor 212 so as to cancel the 
drift amount and always oscillate the laser beam with a 
desired oscillation wavelength. 



An example of prfedict ion/calculation of the 
oscillation wavelengtn drift amount can be 
approximately given toy 

Al = F(*exc. + A(l - exp(-Bt)) + C + D (1) 
where A X : oscillation wavelength drift amount 
F(Xexc): waveleng :h amount error dependent on 
the oscillation wavelength change 
amount / 

A, -B: coefficients (dependent on the oscillation 
duty aid oscillation wavelength) 
t: oscillation idle time 
C: chirr/ing 

D: drift amount of the light monitoring unit 
In general, F( Xexc. ) in equation (1) has a 
larger value for a larger oscillation wavelength change 
amount Xexc, as shown in Fig. 4. Chirping depends on 
the internal design of the laser chamber 205. During 
the manufacturing process of a laser oscillation 
apparatus , the oscillation wavelength drift amount is 
experimentally obtained, and F( Aexc. ) , A, B, and C in 
equation (1) are determined and stored as parameters in 
the oscillation history memory 209. The refractive 
index of a laser beam in the internal environment of 
the light monitoring unit 208 is calculated based on 
the measurement result of the internal light monitoring 
unit environment measurement unit 210 such as a 
barometer or thermometer, and the drift amount D of the 



light monitoring unit 208 is used by using the 
calculation result. The oscillation wavelength drift 
amount A X is calculated from equation (1) by using 
these parameters. The wavelength controller 204 drives 
the stepping motor 212 so as to make the oscillation 
wavelength fall within a predetermined allowable range 
from the start of a burst, and changes the oscillation 
wavelength to a target oscillation wavelength value. 

Letting a (pm/pulse) be an oscillation wavelength 
change amount when one pulse is transmitted to the 
stepping motor 212, a laser beam can always oscillate 
with a wavelength falling within a desired allowable 
range by transmitting A X /a (pulses) from the 
wavelength controller 204 to the stepping motor 212 in 
order to make the oscillation wavelength always fall 
within the desired allowable range. The step of 
calculating the oscillation wavelength drift amount A 
X may be periodically performed when no exposure is 
done during the operation of the exposure apparatus. 

The experiments by the present inventors show 
that the wavelength drift amount A X is larger for a 
longer idle time after the end of oscillation. If the 
oscillation idle time is longer than a given time, the 
oscillation wavelength of a laser beam immediately 
after the start of oscillation is difficult to control 
within a predetermined allowable range, and desired 
exposure performance may not be achieved. To prevent 



this, thresholds are set for the values F(A,exc.) and 
osillation idle time t in equation (1) in the laser 
controller 201 or wavelength controller 204. If F(^l 
exc.) or osillation idle time t is larger than the 
threshold, a wavelength lock signal "OFF" is 
transmitted. If F( Xexc. ) or t is smaller than the 
threshold, the wavelength lock signal is kept "ON", and 
exposure operation is possible while the shutter 207 is 
kept open . 

For the wavelength lock signal "OFF", the main 
controller 16 of the exposure apparatus closes the 
shutter 207 in the laser source 2. While emitting a 
test laser beam, "the laser controller 201 of the laser 
source 2 drives the stepping motor 212 and adjusts the 
oscillation wavelength so as to make the oscillation 
wavelength fall within a predetermined allowable range. 
When the oscillation wavelength falls within the 
predetermined allowable range, the laser controller 201 
transmits a wavelength lock signal "ON" to the main 
controller 16, which opens the shutter 207 and outputs 
a laser beam to the outside of the laser source 2. 
Fig. 3D is a view showing a state in which a laser beam 
can oscillate with a desired oscillation wavelength 
even at the start of a burst as a result of using the 
above control. 

A processing flow in the exposure apparatus 
according to the present invention will be explained 



with reference to Fig. 5. 

A job of the exp/sure apparatus starts (step 501), 
and the barometer 15 Measures the atmospheric pressure 
at a wafer loading mming (step 502) . The main 
controller 16 calculates a target oscillation 
wavelength value /step 503), and transmits it to the 
laser source 2 (itep 504) . The laser controller 201 of 
the laser sourae 2 calculates an oscillation wavelength 
change amount /(step 505), drives the stepping motor 212 
without emitting any test laser beam, and adjusts the 
wavelength /election element such as a grating or 
etalon in the band narrowing module 211 so as to 
oscillat<y the laser beam with a desired oscillation 
wavelength (step 506) . 

Whether the oscillation wavelength change amount 
or laser beam oscillation idle time does not exceed its 
threshold is checked (step 507) . If NO in step 507, 
exposure immediately starts without opening/closing 
operation of the shutter 207 or test emission. 

If YES in step 507, a wavelength lock signal 
"OFF" is transmitted (step 508), the shutter 207 is 
closed, and the oscillation wavelength is adjusted to 
fall within an allowable range of the target value 
while a test laser beam is emitted (step 509) . If the 
oscillation wavelength falls within the allowable range, 
the laser controller 201 transmits a wavelength lock 
signal "ON" to the main controller 16 of the exposure 
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apparatus, which opens the shutter 207 (step 510) . 
Exposure starts in response to a trigger signal from 
the main controller 16 of the exposure apparatus main 
body (step 512) . 
5 If the oscillation wavelength does not fall 

within the allowable range in step 509, the laser 
oscillation apparatus changes to an error state and 
stops (step 511) . 

After wafer exposure ends and the wafer is 

10 unloaded (step 513) , whether to subsequently expose the 
next wafer is determined (step 514). If the next wafer 
is to be exposed, the flow returns to step 502. If NO 
in step 514, the job ends (step 515), 

In this example, the oscillation wavelength is 

15 changed at the wafer loading timing. Alternatively, 

the oscillation wavelength may be changed between the 
end of exposure to a predetermined exposure region on a 
wafer and the start of exposure to the next exposure 
region. A processing flow at this time will be 

20 explained with reference to Fig. 6. 

Wafer exposure starts (step 601), and exposure to 
a given exposure region starts (step 602). During 
exposure, the wavelength controller 204 of the laser 
source 2 always monitors whether the oscillation 

25 wavelength stability or error (difference between an 

actual oscillation wavelength and a target oscillation 
wavelength value) of an actually oscillated laser beam 
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falls within a predetermined allowable range (step 603) . 
As far as the oscillation wavelength stability or error 
falls within the allowable range, exposure continues 
(step 604 ) . 

If the oscillation wavelength becomes unstable 
and does not fall within the predetermined allowable 
range, a wavelength lock signal "OFF" is transmitted to 
interrupt exposure (step 605) . The shutter 207 of the 
laser source 2 is closed, and the oscillation 
wavelength is adjusted to fall within the allowable 
range while a test laser beam is emitted (step 606) . 
If the oscillation wavelength falls within the 
allowable range, a wavelength lock signal "ON" is 
transmitted in step 607, and exposure restarts (step 
604). If the wavelength cannot be adjusted to fall 
within the allowable range in step 606, the laser 
source 2 changes to an error state and stops exposure 
(step 608) . 

After exposure of a certain exposure region is 
completed (step 609), the main controller 16 of the 
exposure apparatus determines whether to expose the 
next exposure region (step 610) . If YES in step 610, 
the main controller 16 calculates a new target 
oscillation wavelength value from the measurement 
result of the barometer 15 in step 612, and transmits 
it to the laser source 2. The flow returns to step 602, 
and exposure to the next exposure region starts without 



emitting any test laser beam. If NO in step 610, wafer 
exposure ends (step 611), and the wafer is unloaded. 

In this way, the oscillation wavelength of a 
laser beam is changed between the end of exposure to a 
5 predetermined exposure region on a wafer and the start 
of exposure to the next exposure region. This can 
solve the problem that all exposure regions on a wafer 
cannot be exposed with an optimal oscillation 
wavelength owing to an increase in exposure time per 
10 wafer along with a recent trend of increasing the wafer 
diameter . 

(Embodiment of Semiconductor Production System) 

A production system lor a semiconductor device 
(semiconductor chip such fas an IC or LSI, liquid 
crystal panel, CCD, thinf-film magnetic head, 
micromachine, or the lyke) using the apparatus 
according to the present invention will be exemplified. 
A trouble remedy or periodic maintenance of a 
manufacturing apparatus installed in a semiconductor 
20 manufacturing factory, or maintenance service such as 
software distribution is performed by using a computer 
network outsider the manufacturing factory. 

Fig. 7 shows the overall system cut out at a 
given angle./ In Fig. 7, reference numeral 101 denotes 
25 a business Office of a vendor (apparatus supply 

manufacturer) which provides a semiconductor device 
manufacturing apparatus. Assumed examples of the 




25 - 




10 



15 



20 



25 



manufacturing apparatus /are semiconductor manufacturing 
apparatuses for various/ processes used in a 
semiconductor manufacturing factory, such as 
pre-process apparatuses (lithography apparatus 
including an exposure/ apparatus, resist processing 
apparatus, and etching apparatus, annealing apparatus, 
film formation apparatus, planarization apparatus, and 
the like) and post-process apparatuses (assembly 
apparatus, inspection apparatus, and the like) . The 
business office IQfl" comprises a host management system 

108 for providing/ a maintenance database for the 

manufacturing apparatus, a plurality of operation 

terminal. computers 110, and a LAN (Local Area Network) 

// 

109 which connects the host management system 108 and 
computers 110 i/o build an intranet. The host 
management sysfcem 108 has a gateway for connecting the 
LAN 109 to Internet 105 as an external network of the 
business office, and a security function for limiting 
external accesses. 

Reference numerals 102 to 104 denote 
manufacturing factories of the semiconductor 
manufacturer as users of manufacturing apparatuses. 
The manufacturing factories 102 to 104 may belong to 
different manufacturers or the same manufacturer 
(pre-profcess factory, post-process factory, and the 
like) . /Each of the factories 102 to 104 is equipped 
with a^plurality of manufacturing apparatuses 106, a 



- 26 - 



LAN (Local Area/Network) 111 which connects these 
apparatuses lOjk to build an intranet, and a host 
management system 107 serving as a monitoring apparatus 
for monitoring the operation status of each 
manufacturing apparatus 106. The host management 
system IQfl in each of the factories 102 to 104 has a 
gateway/for connecting the LAN 111 in the factory to 
the Internet 105 as an external network of the factory. 
Each factory can access the host management 
10 system 108 of the vendor 101 from the LAN 111 via the 
Internet 105. The security function of the host 
management system 108 authorizes access of only a 
limited user. More specifically, the factory notifies 
the vendor via the Internet 105 of status information 
15 (e.g., the symptom of a manufacturing apparatus in 
trouble) representing the operation status of each 
manufacturing apparatus 106, and receives response 
information (e.g., information designating a remedy 
against the trouble, or remedy software or data) 
20 corresponding to the notification, or maintenance 
information such as the latest software or help 
information . 

Data cotffmunication between the factories 102 to 
104 and the Vendor 101 and data communication via the 
25 LAN 111 in /each factory adopt a communication protocol 
(TCP/IP) generally used in the Internet. Instead of 
using t\/e Internet as an external network of the 
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factory, a dedicated network (e.g., ISDN) having high 
security wbfrch inhibits access of a third party can be 
adopted. /Also the user may construct a database in 
additiotff to the one provided by the vendor and set the 
5 database on an external network, and the host 

management system may authorize access to the database 
from a plurality of user factories . 

/ Fig. 8 is a view showing the concept of the 
overall system of this embodiment that is cut out at. a 
0 different angle from Fig. 7. In the above example, a 
plurality of user factories having manufacturing 
apparatuses and the management system of the 
manufacturing apparatus vendor are connected via an 
external network, and production management of each 
5 factory or information of at least one manufacturing 

apparatus is communicated via the external network. In 
the example of Fig. 8, a factory having manufacturing 
apparatuses of a plurality of vendors and the 
management systems of the vendors for these 
0 manufacturing apparatuses are connected via the 
external network of the factory, and maintenance 
information of each manufacturing apparatus is 
communicated. 

In Fig. 8, /reference numeral 301 denotes a 
manufacturing ^factory of a manufacturing apparatus user 
(semiconductor device manufacturer) where manufacturing 
apparatuses for various processes, e.g., an exposure 
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apparatus 302, resist processing apparatus 303, and 
film formation apparatus 3/1)4 are installed in the 
manufacturing line of the /factory. Fig. 8 shows only 
one manufacturing factory/ 301, but a plurality of 
factories are networked i/n ^practice . The respective 
apparatuses in the factofcy are connected to a LAN 306 
to build an intranet, and a host management system 305 
manages the operation ojp the manufacturing line. 

The business offi/ces of vendors (apparatus supply 
manufacturers) such asfan exposure apparatus 
manufacturer 310, resa/st processing apparatus 
manufacturer 320, ana/ film formation apparatus 
manufacturer 330 comprise host management systems 311, 
321, and 331 for executing remote maintenance for the 
supplied apparatuses. Each host management system has 
a maintenance database and a gateway for an external 
network, as described above. The host management 
system 305 for ipanaging the apparatuses in the 
manufacturing factory of the user, and the management 
systems 311, 3^21, and 331 of the vendors for the 
respective apparatuses are connected via the Internet 
or dedicated^ network serving as an external network 300. 
If a trouble occurs in any one of a series of 
manufacturing apparatuses along the manufacturing line 
in this system, the operation of the manufacturing line 
stops. T^his trouble can be quickly solved by remote 
maintenance from the vendor of the apparatus in trouble 



via the Internret 300. This can minimize the stop of 
the manufacturing line. 

Each manufacturing apparatus in the semiconductor 
manufacturing factory comprises a display, a network 
interface/ and a computer for executing network access 
software/ and apparatus operating software which are 
stored/in a storage device. 

The storage device is a built-in memory, hard 
disk, or network file server. The network access 
software includes a dedicated or general-purpose web 
browser, and provides a user interface having a window 
as shown in Fig. 9 on the display. While referring to 
this window, the operator who manages manufacturing 
apparatuses in each factory inputs, in input items on 
the windows, pieces of information such as the type of 
manufacturing apparatus 401, serial number 402, subject 
of trouble 403, occurrence date 404, degree of urgency 
405, symptom 4 06, remedy 4 07, and progress 4 08. 

The pieces of input information are transmitted 
to the maintenance database via the Internet, and 
appropriate maintenance information is sent back from 
the maintenance database and displayed on the display. 
The user interface provided by the web browser realizes 
hyperlink functions 410 to 412, as shown in Fig. 9. 
This allows the operator to access detailed information 
of each item, receive the latest-version software to be 
used for a manufacturing apparatus from a software 



library provided by a vendor, and receive an operation 
guide (help information) as a reference for the 
operator in the factory. Maintenance information 
provided by the maintenance database also includes 
information concerning the present invention described 
above. The software library also provides the latest 
software for implementing the present invention. 

A semiconductor device manufacturing process 
using the above-described production system will be 
explained. Fig. 10 shows the flow of the whole 
manufacturing process of the semiconductor device. In 
step 1 (circuit design) , a semiconductor device circuit 
is designed. In step 2 (mask formation) , a mask having 
the designed circuit pattern is formed. In step 3 
(wafer manufacture) , a wafer is manufactured by using a 
material such as silicon. In step 4 (wafer process) 
called a pre-process, an actual circuit is formed on 
the wafer by lithography using a prepared mask and the 
wafer. Step 5 (assembly) called a post-process is the 
step of forming a semiconductor chip by using the wafer 
manufactured in step 4, and includes an assembly 
process (dicing and bonding) and packaging process 
(chip encapsulation) . In step 6 (inspection) , 
inspections such as the operation confirmation test and 
durability test of the semiconductor device 
manufactured in step 5 are conducted. After these 
steps, the semiconductor device is completed and 



shipped (step 7). For example, the pre-process and 
post-process are performed in separate dedicated 
factories, and maintenance is done for each of the 
factories by the above-described remote maintenance 
5 system. Information for production management and 
apparatus maintenance is communicated between the 
pre-process factory and the post-process factory via 
the Internet or dedicated network. 

Fig. 11 shows the detailed flow of the wafer 
Hp 10 process. In step 11 (oxidation), the wafer surface is 

\j\ oxidized. In step 12 (CVD) , an insulating film is 

formed on the wafer surface. In step 13 (electrode 
formation) , an electrode is formed on the wafer by 
L , vapor deposition. In step 14 (ion implantation), ions 

: s 

HH ^5 are implanted in the wafer. 



hi 




In step I? (resist processing) , a photosensitive 
agent is applied to the wafer. In step 16 (exposure) , 
the above-merytioned exposure apparatus exposes the 
wafer to thef circuit pattern of a mask. In step 17 
20 (developing^) , the exposed wafer is developed. In step 
18 (etchinrg) , the resist is etched except for the 
developed! resist image. In step 19 (resist removal), 
an unnecessary resist after etching is removed. These 
steps/are repeated to form multiple circuit patterns on 
25 the wafer. A manufacturing apparatus used in each step 
undergoes maintenance by the remote maintenance system, 
wl/ich prevents a trouble in advance. Even if a trouble 
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occurs, the manufacturing apparatus can be quickly 
reofovered. The productivity of the semiconductor 
device can be increased in comparison with the prior 
4rt . 

As has been described above, the present 
invention can always expose a wafer to a circuit 
pattern with high precision without decreasing the 
productivity of an exposure apparatus which uses a 
laser oscillation apparatus as a light source. 

As many apparently widely different embodiments 
of the present invention can be made without departing 
from the spirit and scope thereof, it is to be 
understood that the invention is not limited to the 
specific embodiments thereof except as defined in the 
appended claims. 
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